INTRODUCTION
============

Adult degenerative scoliosis (ADS), the most common type of adult spinal deformity (ASD), is defined as a spinal deformity in a skeletally mature patient with a Cobb angle greater than 10°, who has no history of scoliosis during childhood and adolescence.^[@R1]^ ADS is typically diagnosed in patients older than 40 years and the incidence of ADS is increasing rapidly due to the social aging problem around the world, which is becoming a significant healthcare concern.^[@R1],[@R2]^ Although the prevalence of ADS is difficult to evaluate precisely, it has been reported to reach 64% to 68% among aged population.^[@R2],[@R3]^

Due to the rapid increase of prevalence of ADS, more and more attention have been paid to this disease, including the researches of etiology,^[@R4],[@R5]^ patients' demographics,^[@R6]^ clinical and radiological evaluation,^[@R7]^ conservation treatment and surgery.^[@R8]--[@R10]^ Only a few studies^[@R3],[@R6],[@R11]^ have been performed to make a description of some patients' demographics and radiographic parameters. However, few studies have been conducted exclusively to describe the sagittal parameters in ADS patients that have shown substantial correlation with health-related quality of life measures.^[@R12]^ Therefore, detailed information of both coronal and sagittal plane\'s radiographic parameters is essential for us to make a more profound understanding of ADS.^[@R2],[@R13],[@R14]^

In recent years, the importance of sagittal spinopelvic alignment in spinal deformity is becoming increasingly recognized as it relates to clinical outcomes.^[@R15]--[@R18]^ Furthermore, importance of preoperative and postoperative sagittal balance, such as the significant correlation between sagittal balance and health status, has also been paid attention to in ADS patients.^[@R12],[@R19]^ However, unlike adolescent idiopathic scoliosis (AIS),^[@R20]--[@R22]^ little information is available on the relative factors influencing sagittal balance in ADS patients, which is correlated with patient symptoms and health status and could be useful for decision-making, surgical planning, and surgical treatment.^[@R12],[@R23],[@R24]^

Therefore, the characteristics and parameters of both coronal and sagittal plane and radiological parameters that are significantly different in sagittal balanced and imbalanced ADS patients are crucial to be explored and discussed. We performed this study to investigate the radiographic parameters of ADS and explore the radiological parameters that are significantly different in sagittal balanced and imbalanced ADS patients.

MATERIALS AND METHODS
=====================

Patient Population
------------------

A total of 99 ADS patients in our outpatient clinic from January 2012 to January 2014, who met the inclusion and exclusion criteria, were retrospectively reviewed. The inclusion criteria of patients were as follows: patients older than 40 years; patients with coronal Cobb angle greater than 10° on the posteroanterior full-length stand film; patients have no history of scoliosis during young period. Patients without sufficient radiographic parameters or who had gone any spine surgery were also excluded from our study. This study was approved by the Institutional Review Board in Second Military Medical University, and all patients in our study provided written informed consent for the study and surgery.

Data Collection
---------------

Demographic data collected were patient age and sex. Radiographic measurements, including coronal Cobb angle, location of the apical vertebra/disc, convexity of the curve, degree of apical vertebra rotation (evaluated by Nash--Moe method), curve segments (from the upper-end vertebra to lower-end vertebra of the Cobb angle), thoracic kyphosis (TK, Cobb angle from the upper endplate of T5 to the lower endplate of T12 on the sagittal full-length film), lumbar lordosis (LL, Cobb angle from the upper endplate of L1 to the lower endplate of S1), thoracolumbar kyphosis (TL, Cobb angle from the upper endplate of T10 to the lower endplate of L2), sacral slope (SS, the angle between the horizontal and the sacral plate), pelvic tilt (PT, the angle between the vertical and the line through the midpoint of the sacral plate to femoral heads axis), pelvic incidence (PI, angle subtended by a perpendicular from the upper endplate of S1 and a line connecting the center of the femoral head to the center of the upper endplate of S1), sagittal vertical axis (SVA, the horizontal offset from the posterosuperior corner of S1 to the vertebral body of C7) and the relationship between PI and LL, expressed as PI − LL (PI minus LL), were measured by 2 individual surgeons, and the mean value was used for analysis. Sagittal imbalance was defined as an imbalance greater than 5 cm.^[@R25],[@R26]^ Patients were divided into 2 groups according to whether patients' sagittal plane was balanced in lateral full spine standing radiographs: Group A (imbalanced, SVA \> 5 cm) and Group B (balanced, SVA ≤ 5 cm). Age, segments number, coronal Cobb angle, apex rotation, TK, TL, LL, SS, PT, PI, and PI − LL were compared between 2 groups.

Statistical Analysis
--------------------

Statistical analyses were performed using SPSS 17.0 statistics software (SPSS, Inc., Chicago, IL). Descriptive statistics were listed in the form of median and the data involved in the comparison were represented in mean and standard deviation. Categorical variables, such as gender, were compared by Chi-square test. Independent 2-sample *t*-test was used to compare the differences of other variables between 2 groups. Coronal Cobb angle and its correlation with radiographic parameters were analyzed by correlation coefficient test. The following general categories indicate a quick way of interpreting a calculated r value: 0.0 to 0.2: very weak to negligible correlation; 0.2 to 0.4: weak, low correlation (not very significant); 0.4 to 0.7: moderate correlation; 0.7 to 0.9: strong, high correlation; 0.9 to 1.0: very strong correlation. *P* \< 0.05 was selected as significant level.

RESULTS
=======

Radiographic Parameters of ADS Patients
---------------------------------------

A total of 99 patients were included in this study. The median age of ADS patients were 67 years (range: 41--92 years) and the sex ratio was 5:1 (female: 63 and male: 16). Convexity of the curve located at right side was found in 54 patients (55%) and others' convexity of the curve was located at left side (45%). There were 10 patients (10%) classified with a curve type of thoracolumbar curve and 89 (90%) classified with lumbar curve. The median of coronal Cobb angle was 23° (range: 10--75°) and the median of segments number of curve was 5 segments (range: 3--7). Besides, the median of rotation of apical vertebra was 2° (range: 1--3) (shown in Table [1](#T1){ref-type="table"}). According to our study, most of the apical vertebra was located at L2 to L3 (n = 80, 81%), as is shown in Figure [1](#F1){ref-type="fig"}. As shown in Figure [2](#F2){ref-type="fig"}, 39% patients' Cobb angle (n = 39) was found in the range of 20--29°, 31 patients (31%) in the range of 10--19°, 13 patients' Cobb angle (13%) was found in the range of 30--39° and 16 patients' Cobb angle was larger than 40° (16%). Furthermore, our study also showed significant correlations between coronal Cobb angle and segments number of Cobb angle (r = 0.23, *P* = 0.025) and degree of apical vertebra rotation (r = 0.53, *P* \< 0.001) (Table [2](#T2){ref-type="table"}).

###### 

General Characteristics and Radiographic Parameters in ADS Patients
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![The distribution of location of apical vertebra/disc.](medi-94-e1198-g002){#F1}
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###### 

Correlation Between Coronal Cobb Angle and Other Variables
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With regard to the sagittal parameters, TK, TL, LL, SS, PT, PI, PI − LL, and SVA ranged from −13° to 64° with a median of TK of 28°, −62° to 23° with a median of TL of −6°, −9° to 77° with a median of LL of 40°, 6° to 63° with a median of SS of 32°, 5° to 43° with a median of PT of 26°, 29° to 90° with a median of PI of 55°, −31° to 64° with a median of PI − LL of 18° and −34 mm to 224 mm with a median of SVA of 30 mm, respectively (Table [1](#T1){ref-type="table"}).

Comparison of Parameters Between Sagittal Balanced and Imbalanced Patients
--------------------------------------------------------------------------

Sagittal plane was observed imbalanced in 33 patients and 66 patients' sagittal plane was found balanced in lateral full spine stand radiographs (33% vs. 67%; ratio = 1:2). Our results indicated that there were significant differences in age (*P* = 0.001), LL (*P* \< 0.001), PT (*P* = 0.031), coronal Cobb angle (*P* = 0.016), degree of apical vertebra rotation (*P* = 0.006), and PI − LL (*P* \< 0.001) between Group A and Group B; however, no significant difference was observed in gender, segments, TK, TL, SS, and PI between 2 groups (all *P* \> 0.05), as shown in Table [3](#T3){ref-type="table"}.
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Comparison of Radiographic Parameters Between 2 Groups
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DISCUSSION
==========

Radiographic Parameters of ADS Patients
---------------------------------------

ADS is an increasing healthcare issue due to the global aging problem.^[@R27]^ Recently, Schwab et al^[@R27]^ proposed a new classification of ASD. Coronal curve types and sagittal modifiers, including PI − LL, global alignment and PT that have shown substantial correlation with health-related quality of life were included in their classification and researches suggested that there was excellent inter- and intrarater reliability and interrater agreement for curve type and each modifier, which might be a guideline for the surgical treatment of ASD. However, the classification system involved all the ASD, including adult idiopathic scoliosis and ADS, which might not be used to describe the characteristics of ADS precisely.^[@R28],[@R29]^ Furthermore, although some studies^[@R3],[@R6],[@R11]^ have reported some characteristic parameters of ADS, no large-scaled studies and comprehensive description of ADS have been performed and made, which are essential to our profound understanding and treatment of ADS.

In our study, the median of age of ADS patients were 67 years (range: 41--92 years), and women were more susceptible to suffer from ADS (sex ratio = 5:1), which was consistent with Watanuki et al\'s study.^[@R6]^ According to our study, most of the apical vertebra was located at L2 to L3, which was consistent with Pritchett and Bortel\'s study.^[@R11]^ Furthermore, our study also showed significant correlations between coronal Cobb angle and segments of curve (r = 0.23, *P* = 0.025) and degree of apical vertebra rotation (r = 0.53, *P* \< 0.001), while no significant correlation was observed with age or gender, indicating that more segments involved in lumbar/thoracolumbar curve and more rotation degree of apex might result in larger coronal Cobb angle, which might be related to the biomechanics of the spine.^[@R30],[@R31]^

With regard to the sagittal parameters of our patients, TK, TL, LL, SS, PT, PI, PI − LL, and SVA, which were similar to the results reported in Lafage et al\'s study^[@R19]^ and Schwab et al\'s study.^[@R27]^

According to these results, we could conclude that: There was a tendency for female predominance, and the frequency of the disorder increased with age; compared with AIS, the severity of these curves was relatively low, with a median of Cobb angle of 23°, with most in the range 20--29°, and with a median rotation of apex of 2°; most patients were classified with lumbar curve, with a median of segment of 5, and with the apex vertebra most located at L2/L3; coronal Cobb angle were highly correlated with segments and apex rotation; all the sagittal parameters of ADS were listed in our article, which might be useful in understanding of ADS and surgical management that should ideally restore normal sagittal alignment by correcting the deformity.^[@R32],[@R33]^

Comparison of Parameters Between Sagittal Balanced and Imbalanced Patients
--------------------------------------------------------------------------

Sagittal balance is one of the most important considerations to be taken when evaluating spinal deformity nowadays due to the fact that the sagittal profile of the spine and pelvis largely influences both of the standing balance and clinical outcomes.^[@R12],[@R15]--[@R19],[@R27],[@R34]^ Glassman et al^[@R12]^ evaluated the relationships between radiographic parameters and health status and they found that although even mildly positive sagittal balance was somewhat detrimental, severity of symptoms increased in a linear fashion with progressive sagittal imbalance. Lafage et al^[@R19]^ performed a prospective study to investigate the relationship between spinopelvic parameters and patient self-reported outcomes on adult subjects with spinal deformities and their results demonstrated significant T1-SPI (angle between T1-hip axis and vertical) correlation with health related quality of life (HRQOL) measures and outperforms SVA. Besides, PT was shown to play an important role in the sagittal balance as it represented a compensatory mechanism in the chain of correlation of sagittal alignment. Therefore, it is essential to explore the parameters which play a key role in the sagittal balance when making surgical plan.^[@R12],[@R23],[@R24]^ However, to our knowledge, no relevant studies have been conducted to explore which radiological parameters are significantly different between sagittal balanced and imbalanced ADS patients.

We divided the 99 recruited patients into 2 groups according to whether their sagittal plane were balanced in lateral spine radiographs^[@R25],[@R26]^ to explore the different parameters between balanced and imbalanced ADS patients. In our study, we found that nearly 33% of ADS patients suffered from sagittal balance and there were significant differences in age, LL, PT, coronal Cobb angle, degree of apical vertebra rotation, and PI − LL between Group A and Group B; however, no significant difference was observed in gender, TK, TL, SS, and PI between 2 groups. Age, an important and independent factor, was observed older in imbalanced group than balanced group, indicating that older ADS patients were more easily suffered from sagittal imbalance, which should be considered into the surgical management. LL is an important parameter in the evaluation of ADS patients because lumbar hypolordosis is related to the spinopelvic orientation.^[@R35]^ In our study, LL in imbalanced group was less than that in balanced group. PT is also a crucial parameter in assessing ADS because high PT (increased pelvic retroversion) is a compensatory mechanism.^[@R19]^ Our results showed higher PT in imbalanced patients, compared with normal sagittal balance ADS patients (28 vs. 24, *P* = 0.031). PI − LL is a new parameter proposed by Schwab et al.^[@R27]^ In their opinion, this measure is important because surgical planning for a patient with a small LL relative to the PI, via an osteotomy or osteotomies, should take into account the amount of postoperative LL necessary to achieve a harmonious alignment. Our study showed higher PI − LL in imbalanced group, which represented the imbalance of sagittal plane and harmonious alignment of sagittal plane could be achieved if this parameter was considered in the surgical procedure.^[@R27]^ Besides, our study suggested that coronal radiographic parameters, such as coronal Cobb angle and degree of apical vertebra rotation, were significantly different between these 2 groups, which might be closely related to the etiology of ADS. The mechanism and etiology of ADS is multifactorial and is related to progressive degenerative disc disease, compression fractures, disorders of bone quality, and osteoarthritis that creates an asymmetrical deformity of the spine in the axial, coronal, and sagittal planes,^[@R4],[@R36]^ indicating that both coronal risk factors inducing coronal deformity might play an important role in the sagittal imbalance in ADS patients.

There are some limitations of this study that should be addressed. First, all the patients we recruited in our study came from outpatient clinic of our hospital, which might result in the selection bias and could not represent the general characteristics of ADS in the overall populations. Second, no patients' clinic outcomes, such as visual analog score (VAS) and Oswestry Disability Index (ODI), were observed in our study, which could not detect the possible relationship between clinic outcomes and radiographic parameters. Besides, our study was a single-center study and there were also some selection in our research. Therefore, large-scaled and multicenter studies should be performed to make a more comprehensive research into the radiographic parameters and explore the possible parameters which play a key role in the sagittal balance in ADS patients.

CONCLUSION
==========

Our study provided the general radiographic parameters of ADS. Weak but significant correlations between coronal Cobb angle and curve segments and degree of apical vertebra rotation were observed. Furthermore, age, coronal Cobb angle, LL, PT, and PI − LL were significantly different between sagittal balanced and imbalanced ADS patients.

Abbreviations: ADS = adult degenerative scoliosis, AIS = adolescent idiopathic scoliosis, ASD = adult spinal deformity, HRQOL = correlation with health related quality of life, LL = lumbar lordosis, ODI = Oswestry Disability Index, PI = pelvic incidence, PI--LL = PI minus LL, PT = pelvic tilt, SS = sacral slope, SVA = sagittal vertical axis, T1-SPI = angle between T1-hip axis and vertical, TK = thoracic kyphosis, TL = thoracolumbar kyphosis, VAS = visual analog score.
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